In view of recent studies on the E-C coupling mechanism in heart and other muscles,l> there exist several possibilities to understand the positive inotropic action of cardiac glycosides on heart muscle. Of these, an increase of Ca-influx due to the drugs in heart muscle has been often pointed out as an essential factor for the appearance of their positive inotropic action.2> Though, of course, this mechanism is considered to be a real one, an evidence for the other possibility has been found in our recent observation.
The present communication deals with this observation on heart ventricle of frog and will show a positive inotropic action of ouabain without involvement of extracellular Ca, namely, an intracellular action of ouabain on the E-C coupling mechanism.
Materials and methods. Strips of 0.5 to 1.0 mm in thickness, about 1 mm in width and about 6 mm in length were dissected from heart ventricle of frog, Rana japonica. The strips were then attached to a mechanoelectronic transducer-system isometrically and bathed in the solution of 10 ml contained in a glass tube of 1 cm in diameter. The bathing solutions were oxygenated with 95% 02 and 5 % C02. Normal Ringer solution used consisted of 110 mM NaCI, 2.7 mM KCI, 1.8 mM CaC12, 2.5 mM NaHC03 to make pH 7.0 and 2.7 mM D-glucose. The resting tension of about 0.5 g was given to strips. Experiments were done at room temperature of 20 to 22°C. When twitches evoked electrically at a frequency of 6 times per 1 min, reached a stationary value in normal Ringer (before A of Fig. 1 ), the Ringer was renewed (A in Fig. 1 : hereafter, Fig. 1 immersed for 10 min. in a caffeine-Ringer (first C) which was prepared by eluting no-Ca Ringer containing 50 mM caffeine through Dowex A-1 resin, a Ca-chelating resin (DX-caffeine Ringer). Then, the solution was exchanged with new DX-caffeine Ringer of 2°C to evoke the rapid-cooling caffeine contracture3> (rapid-cooling contracture) (second C). In order to observe the effect of ouabain of 2 x 10-6 M on the contracture, ouabain was always present in bathing solutions from A to the end of observation.
Namely, ouabain influenced upon the strip for 46 min, before the contracture-testing. These values of 2 x 10-6 M and 46 min. are those which are used for manifest production of the positive inotropic effect of ouabain on twitch of frog heart ventricle. Ca was not detectable in DX-caffeine Ringer (even if present, less than 10-6 M) by the determination using a murexide-two wave lengths spectrophotometer-system. 4) Results and discussion. Abolition of twitch in Ca-deprived Ringer (both first and second B) is well-known, and inability of 50 mM caffeine to produce contracture in the Ringer (first C) accords with a report by Suzuki.5> In Fig. 1 , the positive inotropic action of ouabain of 2 x 10-6 M upon twitch is also recognized (lower curve).
Under this condition (namely, in both the presence of caffeine of 50 mM, a kind of subthreshold concentration, and the absence of extraceliular Ca), the strips were cooled to 2°C rapidly (second C) to test whether or not the rapid-cooling contracture can be produced in frog cardiac muscle. Upper curve of the figure shows clearly that the rapid-cooling contracture does occur in heart ventricle muscle of frog, though the speed of tension development is lower than the case of skeletal muscle.
The lower curve of Fig. 1 relates to the effect of ouabain on the rapid-coooling contracture in the absence of extracellular Ca. In the experiment, ouabain exerted influence upon the strip in both a concentration and a duration necessary for the manifest appearance of its positive inotropic action on twitch of frog heart ventricle.
The curve shows that the rapid-cooling contracture occurs and is more vigorous than the case without ouabain. If the treatment with no-Ca Ringer (solution B in Fig. 1 ) is performed for longer duration than the described one, the rapid-cooling contracture becomes smaller or is abolished ; however, even in these cases, the potentiating action of ouabain appears, as far as the duration of the treatment is not so long. Fig. 2 is the summarized representation of such results as Fig.  1 and shows about 7-fold potentiation of the rapid-cooling contracture by ouabain.
One point of notice in the results is that, in heart ventricle muscle of frog, the rapid-cooling contracture occurs in the absence of extracellular Ca. In frog skeletal muscle, the similar phenomenon has already been observed by Sakai.3> Therefore, it could be said that the behavior of frog heart muscle is essentially the same as that of frog skeletal muscle with respect to the rapid-cooling contracture.
In frog skeletal muscle, the phenomenon is explained by the release of Ca from lateral sacs, intracellular Ca-store sites, due to an intracellular action of the rapid cooling.3~ In the mechanism, namely, the extracellular Ca takes no part. It follows, then, that, also in frog heart muscle, the rapid cooling influences upon an "intracellular" process, which leads to the release of Ca from its intracellular store and thereby to the activation of the contractile apparatus, and that the extracellular Ca does not take a part in the production of the contracture.
In this deduction, it could be pointed out, that the first process to initiate the contractile responses is quite different between twitch and the rapid-cooling contracture. The intracellular sites for Ca-store, of which existence has been pointed out from Fig. 1 functionally, are as present unknown structurally; however, it could be indicated that the content of Ca in the sites is more easily influenced by concentration of extracellular Ca in heart muscle than in skeletal muscle, because, the rapid-cooling contracture becomes less vigorous, if the treatment with the solution Ca and of the aforementioned mechanism of the rapid-cooling contracture, this finding indicates that the process responsible for the appearance of the potentiation by ouabain does not relate to the membrane excitation but exists "within" cell . This indication agrees with our previous papers.6~ -8 In skeletal muscle, the rapid-cooling contracture is considered to be initiated by an activation of a process which is involved in the E-C coupling mechanism in contraction.
This view holds probably also in the present case of heart ventricle muscle of frog. Therefore, it could be easily understood that ouabain of 2x10-6 M, which are in the range of the concentration to potentiate the twitch of the same muscle material, can potentiate remarkably the rapid-cooling conracture. It has been often pointed out that the positive inotropic action of cardiac glycosides appears due to an action of a process in the 
